Human apolipoprotein E (apoE) exists in three isoforms: apoE2, apoE3 and apoE4. APOE ε4 is a major genetic risk factor for cardiovascular disease (CVD) and Alzheimer's disease (AD). ApoE mediates cholesterol metabolism by binding various receptors. The low-density lipoprotein receptor (LDLR) has a high affinity for apoE, and is the only member of its receptor family to demonstrate an apoE isoform specific binding affinity (E4 N E3N N E2). Evidence suggests that a functional interaction between apoE and LDLR influences the risk of CVD and AD. We hypothesize that the differential cognitive effects of the apoE isoforms are a direct result of their varying interactions with LDLR. To test this hypothesis, we have employed transgenic mice that express human apoE2, apoE3, or apoE4, and either human LDLR (hLDLR) or no LDLR (LDLR −/− ). Our results show that plasma and brain apoE levels, cortical cholesterol, and spatial memory are all regulated by isoform-dependent interactions between apoE and LDLR. Conversely, both anxiety-like behavior and cued associative memory are strongly influenced by APOE genotype, but these processes appear to occur via an LDLR-independent mechanism. Both the lack of LDLR and the interaction between E4 and the LDLR were associated with significant impairments in the retention of long term spatial memory. Finally, levels of hippocampal apoE correlate with long term spatial memory retention in mice with human LDLR. In summary, we demonstrate that the apoE-LDLR interaction affects regional brain apoE levels, brain cholesterol, and cognitive function in an apoE isoform-dependent manner.
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Introduction
Abnormalities in lipid metabolism are strongly linked to several diseases such as cardiovascular disease (CVD) and Alzheimer's disease (AD) (Gamba et al., 2012; Yusuf et al., 2004) . Efficient cholesterol transport is an important part of the cellular remodeling that underlies synaptic plasticity and breakdown of this process has been proposed to contribute to dementia (Gamba et al., 2012; Martin et al., 2010) . Two essential regulatory components of cholesterol metabolism are apolipoprotein E (apoE) and the low density lipoprotein receptor (LDLR).
ApoE is an essential component of lipoprotein particles in both the brain and periphery, and exists in three isoforms in the human population: APOε*2, APOε*3, and APOε*4 (Mahley and Rall, 2000; Raber et al., 2004) . While the isoforms only differ from one another by one or two amino acids, they show dramatic differences in structure, function and disease-associated risk. For instance, E4 is associated with an increased risk of CVD (Mahley and Rall, 2000) and AD (Raber et al., 2004) . ApoE is a primary component of various lipoprotein particles, and binds to a variety of cell surface receptors (Hauser et al., 2011) . One such receptor is LDLR, a trans-membrane receptor expressed in the liver, brain and other tissues (Jeon and Blacklow, 2005) . ApoE and LDLR play critical roles in the regulation of cholesterol metabolism in the peripheral vasculature (Go and Mani, 2012) and likely play a similarly critical role in the brain. 
